24-h shifts had 5.0 mmHg higher DBP (p < 0.01). Body mass index attenuated the association between number of shifts and blood pressure to some extent. Firefighters who reported "increased job demands over the past years" had 3.0 mmHg (p = 0.06) higher systolic blood pressure. Other working conditions were not associated with elevated blood pressure and hypertension. Conclusions Many additional 24-h shifts and increased job demands were risk factors for elevated blood pressure in male firefighters. Optimal collective and individual workload and improved hypertension management are warranted for enhancing the cardiovascular health of firefighters.
Introduction
Hypertension is a well-established risk factor for coronary heart disease, stroke, and total mortality in both general populations (Chobanian et al. 2003; James et al. 2014 ) and firefighters (Geibe et al. 2008; Kales et al. 2007; Yang et al. 2013) . About 1.2 million firefighters are among the occupational groups with high hypertension prevalence in the USA (Davila et al. 2012) . However, little is known about the occupational risk factors for hypertension or elevated blood pressure among firefighters (Feairheller 2015) , which is an essential information for building a comprehensive prevention strategy to address hypertension or elevated blood pressure, and CVD among firefighters. Kales et al. (2009) proposed four possible occupational risk factors for hypertension among US emergency responders, including firefighters: shift work (including overtime
Abstract
Purpose To investigate whether working conditions (number of 24-h shifts, number of calls, sedentary work, job strain, effort-reward imbalance, and physical demands) are associated with elevated blood pressure and hypertension among professional firefighters. Methods A total of 330 (321 males and 9 females) firefighters were chosen for this study among the Southern California firefighters who participated in a work and obesity project. Working conditions were measured with a firefighter-specific occupational health questionnaire. Blood pressure was clinically assessed, and hypertension was defined according to the contemporary standard classification. Results About 11 % of the firefighters had hypertension. Fifty percent of the hypertensive firefighters (mostly mild hypertensive) had uncontrolled high blood pressure. Hypertension was more prevalent in male, older, and high-rank firefighters and firefighter who reported low numbers of daily calls. In male firefighters who were normotensive or hypertensive without taking anti-hypertensive medication, additional 24-h shifts in the past month increased the risk of elevated diastolic blood pressure (DBP) than those who reported a standard work schedule (eight to eleven 24-h shifts). Particularly, firefighters who reported sixteen work), irregular physical exertion including sedentary work, noise exposure, and job strain (a combination of high job demands and low job control). However, there are no epidemiological studies of firefighters that examine the suggested occupational risk factors in relation to clinically assessed high blood pressure or hypertension. Also, some of the suggested occupational risk factors may no longer be relevant to contemporary US firefighters. For example, the proposed relationship between job strain and hypertension by Kales et al. (2009) , based on the Quality of Employment Surveys in the 1970s, may no longer be relevant due to a substantial change (expansion) of firefighter occupational roles as first respondents dealing with non-fire medical emergency calls as well as fire-related calls since the 1970s (Choi et al. 2011) . Choi et al. (2014a) reported that most professional firefighters from Southern California reported high physical and psychological job demands as expected, but also reported high job control rather than low job control.
Furthermore, despite some evidence for shift work or overtime work as a risk factor for clinically assessed high blood pressure or hypertension in non-firefighter working populations (Hayashi et al. 1996; Kubo et al. 2013; Nakamura et al. 2012; Ohlander et al. 2015; Ohira et al. 2000; Sakata et al. 2003; Souza et al. 2015; Su et al. 2008; Suwazono et al. 2008) , none of the studies examined the impact of the unique shift schedules of most US professional firefighters who work a 24-h shift work schedule, including frequent additional/overtime 24-h shifts (Choi et al. 2014b) . Also, most of the studies have considered only shift work or overtime as the occupational risk factor in analyses. Thus, there is a possibility that their findings represent a residual confounding effect due to unmeasured occupational risk factors such as job strain, effort-reward imbalance, and physical job demands (Gilbert-Ouimet et al. 2014; Virkkunen et al. 2007) .
The purpose of this study is to investigate whether physical and psychosocial working conditions (number of 24-h shifts, number of calls, sedentary work, job strain, effortreward imbalance, and physical demands) are risk factors for elevated blood pressure or hypertension among professional firefighters. We used the data set of the FORWARD study (Choi et al. 2011) in which multiple occupational hazards were examined in Southern California professional firefighters, along with their clinical resting blood pressure.
Methods

Background: FORWARD study
The main purpose of the FORWARD study (2010) (2011) (2012) (2013) was to explore occupational and behavioral risk factors for obesity in firefighters who work for a fire department in Southern California (Choi et al. 2011 ). The study was strongly supported by both the fire department and a local union of the International Association of Fire Fighters (IAFF). The protocol of the FORWARD study was reviewed and approved by the Institutional Review Board (IRB) of the University of California, Irvine. All firefighters gave written informed consent for their participation in the study. Phase I of the study involved developing a firefighter-specific work and health questionnaire (called hereafter the FORWARD study questionnaire) through four focus groups with 20 firefighters of different ranks from January to April 2011 (Dobson et al. 2013) . Phase II of the study was a cross-sectional study using the FORWARD study questionnaire and various weight-related health outcomes measured at a university clinic (Choi et al. 2016a) . A random sample of 365 firefighters (356 males and 9 females) from the total population of about 800 firefighters in the fire department participated in the survey (participation rate, 84 % of 436 firefighters) when they visited the university clinic for their biennial wellness and fitness (WEFIT) medical examinations between May 2011 and December 2012. In Phase III of the study, among the survey participants, a random selection of 83 firefighters were additionally recruited for a sub-study (participation rate, 50 %) between September 2011 and July 2012 in which firefighters were asked to wear a physical activity monitor and record their food intake in a diary for 1 on-duty day (24-h) and 1 off-duty day (24-h). Furthermore, for short-term test-rest reliability of the FORWARD study questionnaire, the sub-study participants were asked to fill out a short version of the FORWARD study questionnaire 1-8 weeks after they completed the full version (Choi et al. 2014a) .
Firefighters for the current study (330 firefighters)
Among the 365 firefighters who participated in the FOR-WARD study survey, we sequentially excluded the firefighters who were rookies (having <1 year of employment at the fire department) or who had special job titles (e.g., medical director, training officer, investigator) (N = 16), or who did not have valid information on blood pressure (N = 3), or who did not have valid information on the other study variables in the current study (N = 16). Thus, 330 (321 male and 9 female) firefighters were included in the current study. There were no substantial differences in age, gender, rank, race/ethnicity, education, and systolic and diastolic blood pressures between the 330 firefighters selected for this study and the 365 firefighters who originally participated in the FORWARD study.
Study outcome: blood pressure and hypertension
Firefighter resting blood pressures were measured by experienced nurses at the WEFIT clinic with an aneroid sphygmometer (Welch Allyn CE0050) based on a standard assessment protocol (5 min rest in a sitting position). Blood pressure (BP) was measured twice consecutively with a time interval of 1 min and averaged for analysis. Hypertension (HT) was defined as systolic blood pressure (SBP) ≥140 mmHg, ≥90 mmHg of diastolic blood pressure (DBP), or taking anti-hypertensive medication (Chobanian et al. 2003) .
Main exposures: working conditions
Working conditions of the firefighters were measured with the FORWARD study questionnaire: number of 24-h shifts in the past month, number of calls on a typical 24-h shift, sedentary work, psychological job demands, job control, extrinsic effort at work, rewards, and physical job demands. On a typical 24-h shift (e.g. from 0800 to 0800), firefighters can sleep at night at the fire station, but frequently they can be woken for emergency calls. The standard shift schedule is 10-11 24-h shifts per month; however, many firefighters work voluntarily and involuntarily additional 24-h shifts beyond their standard work schedule (Choi et al. 2014b ). Number of 24-h shifts in the past month (including overtime, backfill and/or shift trade) was measured with one item each. The reference group was those who reported 8-11 shifts in the past month with consideration of the standard work schedule (10-11 shifts per month) and the possibility of missing up to 2 shifts due to urgent non-duty issues. Among the 30 firefighters in the reference group, 1 firefighter reported 8 shifts and 3 firefighters reported 9 shifts in the past month. The 17 firefighters who reported 0-6 shifts in the past month were those who worked at headquarters (N = 4), or those who worked at fire stations (N = 13) and had just returned to work after a long break or an occupational injury. Sedentary work was measured with the single item ("My job often requires sitting for long periods of time.") with the four-point Likert response set (strongly disagree to strongly agree) drawn from the MIDUS II study (Choi et al. 2010; Ryff et al. 2007 ). The number of calls on a typical 24-h shift was measured with a single question and divided into three groups (low, medium, and high) based on tertiles for analyses (see Table 1 ).
Job control (5 items), psychological job demands (5 items), physical job demands (1 item), extrinsic effort (2 items), and reward (4 items) were measured with the standard items of the Job Content Questionnaire (JCQ) (Karasek et al. 1985) and the Effort-Reward Imbalance Questionnaire (ERIQ) (Siegrist et al. 2004) . Generally, the firefighters reported high job control, high psychological job demands, high physical job demand, high extrinsic effort, and high job reward (Choi et al. 2014a ). There was little variation in the responses of the firefighters to each of the JCQ and ERIQ items (Choi et al. 2014a ). However, there were four items showing some response variation (i.e., >20 % of agree/strongly agree or disagree/strongly disagree): 1 JCQ job control ("lot of say") and 2 JCQ psychological job demands items ("not asked to do an excessive amount of work" and "conflicting demands") and 1 ERIQ extrinsic effort item ("Over the past years, my job has become more and more demanding," hereafter called "more demanding job over the past years"). Thus, the analyses were conducted with the 4 (3 JCQ and 1 ERIQ) items showing some response variation at the item level as well as with the scales; job control, psychological job demands, and job strain (the combination of low job control and high psychological job demands using the median cut-points), extrinsic effort, reward, and effort-reward imbalance (the combination of high effort and low rewards using the median cut-points). Physical demand ("My job requires lots of physical effort") was also included in analyses, although 95.7 % of the firefighters agreed or strongly agreed to the questionnaire item. The responses of firefighters to the questionnaire items of the aforementioned working conditions were stable during 1-8 weeks (Choi et al. 2014a (Choi et al. , 2016a or were validated against objective measures (sitting time from physical activity monitors or administrative call records of the fire department) (Choi et al. 2016a ).
Health-related behaviors at work and during the leisure time
Exercise (i.e., moderate or vigorous level of physical activity for more than 30 min) at fire station (1 item) or during leisure time (1 item), consumption of high-fiber fruits and vegetables (1 item), smoking or using tobacco products (1 item), sleep hours at fire station (1 item), and sleep hours at home (1 item) were measured with the FORWARD study questionnaire. Detailed information about these items was described in our previous study (Choi et al. 2016b) . The information on the use of anti-hypertensive medications and alcohol consumption was extracted by the research team staff from firefighters' WEFIT medical examination records. Since the proportion of heavy alcohol drinkers (>2 drinks per day) was very low (<3 %), they were grouped together with the moderate alcohol drinkers for the multivariate analyses (see below).
Mental health and obesity
Mental health was measured with the standard 12-item General Health Questionnaire (GHQ) (Goldberg 1972) . The GHQ items were scored according to the 0-1-2-3 scoring formula. The high-and low-psychological-distress groups were defined using the median of the GHQ scores. Post-traumatic syndrome (PTSD) was measured with the standard four items (Prins et al. 2003) , and cases were defined as firefighters who agreed on all or three out of the four items. Kales et al. (2009) listed PTSD as a possible risk factor for hypertension among emergency respondents, including firefighters. The adiposity of the firefighters was assessed by an experienced exercise physiologist during their WEFIT medical examinations using three different measures, including body mass index (BMI), waist circumference (WC), and body fat percent (BFP) (Choi et al. 2016b ). In the current study, the results of BMI were very similar to those using WC and BFP. Thus, only the results with BMI are presented here. In our previous study (Choi et al. 2016a) , the number of 24-h shifts in the past month was associated with all three adiposity measures.
Other variables
Age, race/ethnicity (whites and non-whites), education, job title, and worksite (fire station and headquarters) were measured with questions in the FORWARD survey questionnaire. For the multivariate analyses, job title was simplified into two groups based on similar rank and tasks (firefighters/firefighter apparatus engineers and captains/ chiefs).
Statistical analyses
We examined first the distributions of BP and HT among the firefighters. The univariate associations of the study variables, including working conditions, with BP and HT were examined by analysis of variance (ANOVA) and Chisquared test, respectively, in the whole sample of firefighters (N = 330). These univariate analyses were replicated by gender, the use of anti-hypertensive medication, and the worksite, due to the protective effect of estrogen against hypertension in premenopausal women (Maas and Franke 2009 ) and the influence of anti-hypertensive medication on BP (Mackenzie et al. 2009 ). In addition, four firefighters who worked at headquarters and did not typically work a 24-h schedule were older (on average, 6 years) than firefighters working at a fire station and were all captains or chiefs.
The multivariate analyses for BP were conducted in a subsample of male firefighters (N = 294) who worked at a fire station and were not taking anti-hypertensive medication. Due to the small sample sizes of female firefighters (N = 9), firefighters working at headquarters (N = 4), and firefighters who worked at a fire station and were taking anti-hypertensive medication (N = 22), they were excluded from the multivariate analyses for BP. Only the variables that were at least marginally (p < 0.20) significant risk factors for SBP and DBP in the univariate analyses were considered in the multivariate analyses. The working condition variables, if significant in the univariate analyses, were examined in relation to SBP and DBP using the following multivariate models: after adjustment for the other psychosocial working conditions and sociodemographic variables (Model 1) and additionally after adjustment for health-related behaviors, sleep, mental health variables, and BMI (Model 2). The second adjustment procedure was to see any mediation effects of health-related behaviors, sleep, mental health variables, and BMI on the associations between psychosocial working conditions and BP (Ohlander et al. 2015) . The final multivariate models for Model 1 and Model 2 were determined with the four indicators (R square, sum of squares for error, estimated error variance, and Mallows's C p ) about the explanatory power and parsimoniousness of the competing multivariate models (Kleinbaum et al. 1998, pp 390-392) . Analysis of covariance (ANCOVA) was used for the multivariate analyses with BP, and if necessary, subsequently pairwise comparisons (Rothman 1990) were conducted.
The multivariate analyses for HT were conducted in the 317 male firefighters at fire stations (excluding 9 female firefighters and 4 male firefighters working at headquarters) with Cox's proportional hazards models (Breslow 1974; Lee and Chia 1993) including the variables that were significant in the univariate analyses.
Results
Distributions of SBP, DBP, and HT
Among the 330 firefighters, the means of SBP and DBP were 111.9 ± 11.8 and 75.8 ± 7.6 mmHg, respectively (Table 1) . Thirty-six male firefighters (10.9 %) had hypertension. Among those with hypertension, two-thirds were taking anti-hypertensive medication, while a third were not taking anti-hypertensive medication. Fifty percent of the 36 firefighters with hypertension had uncontrolled blood pressures (≥140 mmHg for systolic blood pressure or ≥90 mmHg for diastolic blood pressure): 12 firefighters with hypertension were not taking anti-hypertensive medication, and 6 firefighters with hypertension were taking anti-hypertensive medication. However, most of the firefighters with uncontrolled blood pressure had mild hypertension (140-159 mmHg for SBP and 90-99 mmHg for DBP). There was a significant difference in SBP and DBP between those firefighters with and without hypertension and also between firefighters who were and were not taking medications for hypertension (Table 1) .
The univariate associations of the study variables with SBP and DBP among 330 firefighters
The detailed distributions of the study variables among the 330 firefighters are presented in Table 2 . The mean ages of 321 male and 9 female firefighters were 42.0 ± 8.6 and 37.8 ± 7.9 years, respectively. Most firefighters are white, have some college or were high school graduates, firefighters/engineers, and worked at fire stations.
As expected, both SBP and DBP were significantly higher in older firefighters, male firefighters, firefighters taking anti-hypertensive medication, and obese firefighters (Table 2) . SBP was significantly higher in firefighters having some college or high school education, and firefighters working at the headquarters (who were older and captains/chiefs). DBP was significantly lower in the firefighters reporting 5-6 servings of high-fiber fruits and vegetables per day compared to those reporting fewer servings of high-fiber fruits and vegetables per day. Less exercise at work and during leisure time, and smoking/using tobacco products were marginally (p < 0.20) associated with DBP, while they were not associated with SBP. Sleep hours at the fire station and at home, psychological distress, and PTSD were not associated with BP.
BP did not vary much by sedentary work and number of calls on a typical 24-h shift (Table 2) . Also it did not change much by job strain, job control, psychological job demands, the 3 JCQ items showing some response variation, effort, reward, effort-reward imbalance, and physical demands (not shown here).
However, BP was higher in the firefighters who reported 12-21 shifts or 0-6 shifts (which included four firefighters who worked at headquarters and thirteen firefighters who worked at fire stations) than in those who reported the standard work schedule (8-11 shifts) in the past month (Table 2 ). When we restricted the analysis to the 295 male firefighters who worked at fire stations and were not taking anti-hypertensive medication (Table 3A) , there were a marginally significant difference in SBP (p = 0.095) and a significant difference in DBP (p = 0.038) among the firefighters by the number of 24-h shifts in the past month. Interestingly, both SBP and DBP were higher in the firefighters who reported 0-6 shifts in the past month than in those who reported 8-11 shifts or 12-21 shifts in the past month. In addition, compared to the standard work schedule group, two subgroups of the 12-21 shifts group (14 shift and 16 shifts groups) had significantly higher blood pressure: 4.9-5.6 mmHg for SBP and 4.2-6.7 mmHg for DBP (Table 3A ; Fig. 1 ). Among the 22 male firefighters who worked at fire stations and were taking anti-hypertensive medication, SBP and DBP were also greater in the firefighters who reported 12-21 shifts than in those who reported 8-11 shifts in the past month. However, the differences in DBP by the number of 24-h shifts in the past month were much smaller in the 22 male firefighters who worked at fire stations and were taking anti-hypertensive medication than in the 295 male firefighters who worked at fire stations and were not taking anti-hypertensive medication.
With regard to the ERIQ item ("more demanding job over the past years), SBP was 2.6 mmHg higher (p = 0.059) in the firefighters who agreed or strongly agreed to the item than in those who disagreed or strongly disagreed among the 295 male firefighters (Table 3A) . However, SBP did not differ by the ERIQ item among the 22 male firefighters who worked at fire stations and were taking anti-hypertensive medication (Table 3B) . DBP was higher in the firefighters who agreed or strongly agreed to the item than in those who disagreed or strongly disagreed to the item in both the 295 male and 22 male firefighters (Table 3A , B), but the difference was marginal. In the 9 female firefighters, there was no significant change in BP by the number of 24-h shifts in the past month or the ERIQ item ("more demanding job over the past years).
Multivariate associations with SBP and DBP among the 295 male firefighters
Age, education, the number of 24-h shifts in the past month, and the ERIQ item were included in the final Model 1. Age, education, the number of 24-h shifts in the past month, the ERIQ item, and BMI were included in the final Model 2. Although exercise at work and during leisure time, consumption of high-fiber fruits and vegetables, and smoking were at least marginally significant in the univariate analyses, they turned out to be insignificant in the multivariate model (an alternative model of the final Model 2) * p < 0.20, ** p < 0.05, and *** p < 0.01 at analysis of variance (ANOVA) test for blood pressure and Chi-square test for hypertension a Based on the significance test of a gamma coefficient b The percent of heavy drinkers (2.1 %) were included c 1 firefighter reported 10 h of sleep 116.4 (11.5)*** 79.0 (7.3)*** 18.9** also including age, education, the number of 24-h shifts in the past month, the ERIQ item, and BMI. Also, the final Model 2 was more parsimonious than the alternative final Model 2, although their explanatory power was very comparable to each other. Thus, we chose the final Model 2 over the alternative final Model 2. A similar pattern of BP by the number of 24-h shifts in the past month was observed in the 295 male firefighters who worked at fire stations and were not taking antihypertensive medication using analysis of covariance (ANCOVA) tests. Compared to the standard work schedule group, SBP was 3.0 mmHg (p = 0.20) and 6.6 mmHg (p = 0.10) higher in the 12-21 shifts and 0-6 shifts groups, respectively (Model 2 in Table 4 ). DBP was also 2.6 mmHg (p = 0.08) and 4.6 mmHg (p = 0.07) higher in the 12-21 shifts and 0-6 shifts groups, respectively. In the detailed multivariate analyses after dividing the 12-21 shifts group into the six subgroups, as in the univariate analyses, the two subgroups (14 shifts and 16 shifts) had substantially higher SBP and DBP than the standard work schedule group: 4.3-4.4 mmHg (p < 0.20) for SBP and 3.4-5.0 mm Hg (p < 0.05) for DBP (Table 4 ; Fig. 1a, b) . BMI attenuated the association between the number of 24-h shifts in the past month and BP to some extent, particularly in the subgroup of firefighters who reported 17-21 shifts in the past month (Table 4 ).
In the multivariate analyses as in the univariate analyses, SBP was 3.1 mmHg higher (p = 0.06) in the firefighters who agreed or strongly agreed to the ERIQ item ("more demanding job over the past years) than in those who disagreed or strongly disagreed among the 295 male firefighters (Table 4) . A similar pattern was observed for DBP, but the difference (1.1 mmHg) was small (p = 0.24). Overall, BMI did not affect the association between the ERIQ item and blood pressure.
In the final multivariate model (Model 2 in Table 4 ), among the aforementioned covariates, only age and BMI were significant (p < 0.01) risk factors for SBP and DBP. None of the health-related behaviors in the final model were associated with SBP or DBP.
Univariate associations of working condition variables with HT among the 330 firefighters
Hypertension was significantly more prevalent in the firefighters who reported 0-4 calls per shift than in those who reported 5-7 calls per shift and 8-14 calls per shift (22.3 vs. 7.8 and 4.6 %, respectively). It was also more prevalent in captains and chiefs than in firefighters and engineers. Two out of the 4 (50 %) firefighters working at headquarters were hypertensive, while the prevalence of hypertension was 10.4 % among the 326 firefighters who worked at fire stations.
However, the number of 24-h shifts in the past month was not associated with hypertension, although hypertension was more prevalent in the 0-6 shifts in the past month than in the standard work schedule group (Table 2) . Neither the ERIQ item ("more demanding job over the past years"), nor sedentary work was associated with hypertension. The other working conditions (job strain, job control, psychological job demands, the 3 JCQ items showing some response variation, effort, reward, effort-reward imbalance, and physical demands) was not associated with hypertension (not shown here).
Age, sex, race/ethnicity, exercise at work and during leisure time, consumption of high-fiber fruits and vegetables, use of anti-hypertensive medication, sleep hours at fire station and at home, psychological distress, and obesity were at least marginally (p < 0.20) associated with hypertension in the univariate analyses (Table 2) .
Multivariate associations of working condition variables with HT among 317 male firefighters
The prevalence ratio of the firefighters who reported 0-4 calls on a typical 24-h shifts for hypertension was 2.39 (95 % confidence interval 0.68-8.40, p = 0.17), compared to those who reported 8-14 calls per shift, in the multivariate Cox proportional hazards model (after controlling for age, race/ethnicity, exercise at work and during leisure time, consumption of high-fiber fruits and vegetables, sleep hours at fire station and at home, the GHQ scores, and BMI) among the 317 male firefighters who worked at a fire station. Age was the only significant risk factor for hypertension in the multivariate analyses among the 317 male firefighters. In particular, the differences in the prevalence of HT by job title, number of calls on a typical 24-h shift, and sleep hours at home appeared to be nonsignificant (p > 0.20) after controlling for age. Fig. 1 Associations of the number of 24-h shifts in the past month with systolic blood pressure (a) and diastolic blood pressure (b) in 295 male firefighters who worked at fire stations and were not taking anti-hypertensive medication (the reference group: 8-11 shifts).
The black bars indicate the results from the univariate analysis, and the white bars indicate the results from the multivariate analysis after controlling for age, education, more demanding job over the past years, and body mass index. *p < 0.05 and **p < 0.01 Table 4 Multivariate associations between number of 24-h shifts in the past month and more demanding over the past years with systolic and diastolic blood pressures in 295 male firefighters who worked at fire stations and were not taking anti-hypertensive medications Model 1: after controlling for age, education, and more demanding job over the past years (for the analysis of the number of 24-h shifts in the past month) or more demanding over the past years (for the analysis of more demanding job over the past years). 
Discussion
To the best of our knowledge, this is the first epidemiological study that examines multiple physical and psychosocial working conditions (number of 24-h shifts, number of calls, sedentary work, job strain, effort-reward imbalance, and physical demands) among professional firefighters in relation to clinical BP and HT. The prevalence of hypertension was about 11 %. Half of the firefighters with hypertension had uncontrolled high BP. None of the working conditions were identified as a significant risk factor for HT in the current study, although hypertension was more prevalent in male, older, and high-rank firefighters and firefighter who reported low numbers of daily calls. Increased job demands over the past years and additional 24-h shifts in the past month were associated with increased SBP and DBP, respectively, in the male firefighters who were normotensive or hypertensive without taking medication. Adiposity (BMI) attenuated the associations between number of 24-h shifts and DBP to some extent. Other working conditions (number of calls, sedentary work, job strain, effort-reward imbalance, and physical demands) were not associated with BP or HT in the current study. This study indicates that firefighter stakeholders should make continuous efforts to achieve and maintain an optimal level of firefighter collective and individual workload. Also this study suggests that hypertension management needs to be further improved among hypertensive firefighters. This study empirically supports that additional 24-h shifts may increase the risk of blood pressure among professional firefighters, which is in line with the proposition of Kales et al. (2009) . This is also consistent with the previous studies in non-firefighter working populations (Hayashi et al. 1996; Kubo et al. 2013; Nakamura et al. 2012; Ohira et al. 2000; Souza et al. 2015; Su et al. 2008; Suwazono et al. 2008 ). However, this study is very unique in demonstrating that long work hours/overtime is an independent significant risk factor among 24-h shift workers, after adjustment for multiple other occupational risk factors (job strain, effort-reward imbalance, and physical demands), which has been unclear (Gilbert-Ouimet et al. 2014; Peter et al. 1999; Virkkunen et al. 2007 ). Most studies on shift work and BP was a comparison of shift workers with nonshift (daytime) workers (Kubo et al. 2013; Ohira et al. 2000; Suwazono et al. 2008) . The studies on long work hours and BP (Hayashi et al. 1996; Nakamura et al. 2012) were a comparison among daytime workers. Also, none of the studies on shift work or long work hours/overtime considered other occupational risk factors (job strain, effortreward imbalance, and physical demands) in analyses.
On the other hand, several previous studies (Gholami Fesharaki et al. 2014; Knutsson et al. 1988; Murata et al. 1999; Puttonen et al. 2009; Sfreddo et al. 2010) did not support the association between shift work and BP. However, some methodological weaknesses in the studies need to be considered. Most of the studies (Gholami Fesharaki et al. 2014; Knutsson et al. 1988; Puttonen et al. 2009; Sfreddo et al. 2010) were cross-sectional studies, which are more vulnerable to a healthy worker effect (e.g., healthier workers recruited to shift work, switched to nonshift work over time, or retired) than longitudinal studies. Also none of the studies considered the use of anti-hypertensive medication in analyses, which could significantly underestimate the association between shift work and BP. Although Murata et al. (1999) reported no significant association between shift work and BP in a longitudinal study on a relatively small sample of workers (N < 200), SBP increase over 10 years was 4 mmHg greater in shift workers without hypertension than in daytime workers without hypertension.
The association between number of 24-h shifts and DBP in the current study did not appear to be mediated by health-related behaviors (eating, exercise, and sleep hours), psychological distress, and PTSD. However, BMI (and other adiposity measures) attenuated the association between number of 24-h shifts and BP to some extent, particularly in the firefighters who reported 17-21 shifts in the past month in the current study. It is similar to the study by Ohlander et al. (2015) in German autoworkers where the impact of shift work without nights (vs. day shifts) on hypertension was significantly mediated by BMI and physical inactivity. However, the significant associations of 14 and 16 shifts in the past month with DBP, after adjustment for BMI, points to another possible mechanism by which many additional 24-h shifts may increase DBP in professional firefighters: frequent circadian misalignment. Mean arterial blood pressure was 3 mmHg higher during circadian misalignment than during circadian alignment in an experimental study with 10 human subjects (Scheer et al. 2009 ). Scheer et al. (2009) suggested that circadian misalignment may increase mean arterial blood pressure by increasing total peripheral resistance, cardiac output, or blood volume.
However, in the current study, there was no significant association between number of 24-h shifts and HT. This finding needs to be interpreted carefully because this crosssectional study is limited in being able to capture all possible changes that a hypertensive firefighter makes to reduce the detrimental impact of many additional 24-h shifts on his/her cardiovascular health: reducing additional 24-h shifts, taking a long break or sick leave (hypertension of a firefighter is covered by the firefighter presumptive disability law in many US states, including California) (Kales et al. 2009 ), changing their worksite (e.g. to headquarters), or retiring earlier if the status of hypertension is highly uncontrollable (>180 mmHg for SBP and >100 mmHg for 1 3 DBP) (National Fire Protection Association 2007). In fact, the findings of the current study support some of those possibilities. First, the prevalence of hypertension appeared to be higher in the firefighters who worked at fire stations and reported 0-6 shifts in the past month, compared to those who reported standard work schedule or 12-21 shifts in the past month. The firefighters who worked at fire stations and reported 0-6 shifts in the past month just returned to work after a long break or sick leave at the time of the FORWARD study survey. Most of the firefighters would have worked additional 24-h shifts in the following months given that most firefighters in the current fire department do additional 24-h shifts. We observed anecdotally in another recent study with a group of firefighters from the same fire department (Choi 2015) that one firefighter reported 4 shifts in the past month and then reported 14-shifts in the following month when the same questionnaire item was administered again. Second, the prevalence of hypertension was higher in the firefighters who worked at headquarters than in who worked at a fire station. Firefighters who initially worked at fire stations doing a 24-h shift schedule, including additional shifts, might later choose to work at headquarters and quit working a 24-h shift schedule. Future longitudinal studies are needed to clarify the association between number of 24-h shifts and hypertension in firefighters.
Our finding of an association between increased job demands over the past years and SBP in the current study is also unique. We could not find any comparable studies that have examined the effect of increased job demands over the past years (assessed with one ERIQ effort item) on clinical blood pressure, although Ohlin et al. (2007) reported that high job demands at baseline (assessed with the JCQ psychological job demand scale) was longitudinally associated with increased BP in a Swedish working population. The ERI effort item may reflect the intensified job demands in the majority of the firefighters in the current study during the FORWARD study period. There was a substantial delay in hiring and training new firefighters to replace older retiring firefighters during the FORWARD study period partly due to insufficient financial resources in the fire department just after the global economic crisis in the late 2000s.
Physical demands, job strain, effort-reward imbalance, and sedentary work were not associated with BP or HT in the current study. It should be noted that there was little variation in physical demands, job strain, and effort-reward imbalance in our single occupation sample of firefighters, which is a prerequisite for examining them as the risk factors for BP or HT in an epidemiological study. The association between sedentary work and HT has not been supported in a recent longitudinal study (Saidj et al. 2015) , although it could indirectly increase the risk of HT through obesity.
The prevalence of hypertension in our sample of Southern California firefighters was lower than that in a group of Massachusetts firefighters in the late 1990s (Soteriades et al. 2003) : 11 vs. 20-24 %. But it was similar to that in a recent survey (Poston et al. 2013 ) in a larger sample of firefighters from 10 US fire departments across the nation with a good firefighter WEFIT program: 11 vs. 12 % (selfreported). The prevalence of uncontrolled hypertension was lower in the current study than in the study with Massachusetts firefighters in the late 1990s (Soteriades et al. 2003) : 50 vs. 74 %. This may indicate that the overall cardiovascular health of US firefighters has improved over the two decades as the firefighter WEFIT program has spread across US fire departments.
Implications for prevention of hypertension among professional firefighters
The current study indicates that many additional 24-h shifts (e.g., 16 shifts in the past month) may significantly increase the risk of elevated blood pressure among professional firefighters, independent of health-related behaviors and adiposity. Our previous study also pointed to the increased risk of many additional 24-h shifts for obesity among firefighters (Choi et al. 2016a ). Furthermore, several US firefighter fatality cases involved multiple consecutive 24-h shifts (National Institute for Occupational Safety and Health, 2008, 2011) . All of these support introducing a limit to the number of 24-h shifts that a firefighter can work in a month or a year, which we expect will significantly improve the cardiovascular health of US professional firefighters. Recently, the fire department and the local firefighter union in the current study agreed on a firefighter workload policy limiting the number of annual voluntary 24-h shifts that a firefighter can work (equivalent to 15 shifts per month, on average) in order to share the burden of additional 24-h shifts more equally among the firefighters.
This study also suggests that intensified work over a couple of years may raise the level of blood pressure among firefighters. Firefighter stakeholders should make efforts to continuously maintain an optimal level of collective firefighter workforce. The fire department in the current study was able to complete the recruitment and training of new firefighters (firefighter academy) in November 2011 after the last one in July 2009.
The high prevalence of uncontrolled hypertension (50 %) among hypertensive firefighters deserves discussion. Most of the uncontrolled hypertensive firefighters were mild hypertensive and were not taking anti-hypertensive medication. Given the uncertainty of the benefits of pharmacological treatment of mild hypertension (Diao et al. 2012) , we think that a priority to control hypertension (hypertension management) among the uncontrolled hypertensive firefighters should be given to non-pharmacological approaches such as avoiding many additional 24-h shifts and improving health-related behaviors, including weight management.
Limitations
This study has several limitations. First, this study is a cross-sectional study so we cannot be sure of the temporal relationships of the number of 24-h shifts in the past month and increased job demands over the past years with increased blood pressure. Future longitudinal studies are needed to clarify the temporal relationships among firefighters. Second, the information on numbers of 24-h shifts in the past month and increased job demands over the past years was self-reported, although its good shortterm (1-8 weeks) test-retest reliability was confirmed in the FORWARD study (Choi et al. 2014a (Choi et al. , 2016a . Using long-term administrative records of fire departments will improve the quality of exposure assessment in future research. Third, this study was not able to examine whether occupational noise exposure, one of the four possible occupational risk factors for hypertension in firefighters (Kales et al. 2009 ), is a risk factor for hypertension among firefighters. Firefighters can be exposed to a short-term, high level of noise during their emergency operations (e.g. sirens and using extraction equipment) (Neitzel et al. 2013) . However, we observed during the current study that firefighters regularly wore headsets with a dual function of noise protection and internal communication on fire trucks and engines when they responded to calls. Also, there was no association between number of calls on a typical 24-h shift and blood pressure in the current study. Thus, we think that the impact of occupational noise exposure of firefighters on the results of the current study, if any, would not be substantial.
